Endometriosis is an often painful disorder in which the endometrial glands and stroma grow outside the uterus. The disease affects women's quality of life and is a common cause of infertility. In this review, we describe promising new developments in the field based on in vitro assays and rodent models, each of which has the potential to be beneficial in the treatment of this disease. We will specifically describe the role of anti-inflammatory drugs, selective estrogen, or progesterone modulators, statins, antiangiogenic agents, and the potential for targeting stem cells as likely methods to hone in and eliminate endometriosis. The most promising of these potential therapies are currently slated for further testing in both rodent and nonhuman primate trials.
Introduction
Endometriosis is a gynecological disorder characterized by the presence of endometrial tissue outside the uterus. 1 This disease affects approximately 10% of reproductive-aged women and 20% to 50% of infertile women. 2, 3 Despite its frequency and its impact on quality of life, our understanding of the pathogenesis of endometriosis remains incomplete. 4 Endometrial lesions are primarily located on the pelvic peritoneum and ovaries but can also be found in the pericardium, pleura, lung parenchyma, and even the brain. 5 Implants can result in substantial morbidity, including pelvic adhesions, pain, fatigue, bowel disorders, and infertility requiring extensive and sometimes ineffective medical and surgical treatments. 5 This disease is not only costly but also physically and psychologically debilitating.
The etiology of the disease likely reflects retrograde menstruation, coelomic metaplasia, or both. 1, 4, 5 . However, it also involves a complex interplay of genetic, anatomic, environmental, and immunologic factors. [6] [7] [8] [9] Intense macrophage infiltration and excess cytokine expression play a critical role in the development of the endometriosis-related chronic inflammatory processes. [9] [10] [11] [12] Endometriotic implant nidation also requires remodeling of the local peritoneal environment mediated by extracellular matrix (ECM)-degrading proteases. [13] [14] [15] Matrix metalloproteinases (MMPs) play the dominant role in such tissue remodeling. Endometriotic lesions display enhanced expression of MMP-1, -3, and -7. 16, 17 A similar overexpression of these MMPs has been observed in a baboon model. 18 .
Stem cells also contribute to endometriosis and may be particularly relevant to disease occurring outside of the peritoneal cavity, in locations such as the lung or ureter. 19, 20 Recent functional analyses provide evidence of isolation and characterization of human endometrial stem/progenitor cells. 21 Indeed, several lines of experimental evidence suggest that endometrial stem/progenitor cells function in the development of endometriosis 21 (for review, see Sasson and Taylor 21 ). There is a major public health need for more effective endometriosis therapies producing fewer and less severe side effects. For example, it is well known that estrogen is a strong mitogen for endometriotic cells; however, therapies such as gonadotropinreleasing hormone (GnRH) agonists, which dramatically reduce estradiol production, are associated with numerous side effects and can only be used for a limited period of time. Recent studies demonstrating that estradiol is not only secreted by the ovary but has been found to be locally produced by endometriotic tissue 22 has suggested the therapeutic use of aromatase inhibitors and selective estrogen receptor modulators (SERMs). 23 Although the molecular mechanisms by which endometriosis persists in locations outside the uterus are not clear, the establishment and progression of endometriosis require angiogenesis providing another therapeutic target. [13] [14] [15] In this review, we will summarize the recent work of our collaborative studies and others on novel treatments for endometriosis including tissue factor (TF) targets, SERMs, and statins and how they have been tested in a mouse model of endometriosis.
Experimental Endometriosis in a Chimeric Mouse Model
To conduct preclinical evaluation of potential new therapies, we and others have developed chimeric experimental endometriosis models in which human endometrial tissues are established at ectopic sites in immunocompromised mice. 24 Athymic nude mice, which have a spontaneous mutation in the forkhead box N1 (Foxn1) gene, are an immunocompromised strain of mice that are particularly well suited for conducting preclinical testing of novel agents that target human endometrial cells. For our studies, we have established experimental disease in nude mice using proliferative phase human endometrial tissue obtained by biopsy from women with or without endometriosis and injected into mice either intraperitonally or subcutaneously along the ventral midline.
In our hands, we have found that lesions established in nude mice are similar to the spontaneous disease in women, exhibiting the classic characteristics of endometriosis both grossly and microscopically. 25 Experimental endometriosis can also be established using tissues obtained via collection of menstrual effluent or from surgical specimens obtained from women with endometriosis. [26] [27] [28] [29] Studies such as these have revealed important differences between eutopic endometrial tissues obtained from women with endometriosis compared to eutopic or ectopic tissues obtained from disease-free women. For example, we have demonstrated that endometrial tissues obtained from women with endometriosis exhibit a reduced response to progesterone which promotes the development of experimental endometriosis. 29, 30 To target this mechanism, we used both progesterone therapy and Tanaproget, a selective progesterone receptor modulator described below. 31, 32 Thus, in our initial report describing this model, we examined the impact of progesterone therapy on establishment of experimental endometriosis by normal human endometrium. 24 In these studies, we found that progesterone treatment greatly reduced the extent of experimental disease in mice bearing endometrial xenografts from women without endometriosis. 24 Since progesterone is a potent differentiation agent, we have found that short-term treatment of mice bearing normal endometrial xenografts with the synthetic progestin medroxyprogesterone acetate led to stromal cell decidualization within human tissues. 33 However, longer-term treatment with this compound eliminates disease established by normal tissues. 29 These studies suggest that endometrial tissues, growing at an ectopic site in the peritoneum of nude mice, largely retain a similar level of responsiveness to progesterone that would be observed within the normal eutopic endometrium. In contrast, progesterone therapy fails to prevent the establishment and progression of experimental endometriosis when xenografts are established with eutopic endometrial tissue obtained from women with endometriosis. 29, 30 Therefore, we additionally examined whether a potent, nonsteroidal progesterone receptor agonist would have a better therapeutic profile compared to natural progesterone. In this study, Tanaproget, a selective progesterone receptor modulator developed by Wyeth Research (Collegeville, Pennsylvania), was found to be more effective than either progesterone or medroxyprogesterone acetate in reducing experimental endometriosis in our model when ectopic disease was established by eutopic endometrial tissues acquired from women with endometriosis. 29 A second series of studies in the mouse model of endometriosis was conducted in collaboration with Wyeth Research examining the efficacy of ERB-041, a selective estrogen receptor-b (ER-b) agonist with anti-inflammatory activity, and is believed to induce an increase in normal immune surveillance. 34 It is also a highly selective ER-b agonist that is >200-fold selective for ER-b based on a competitive radioligand-binding assay. ERB-041 has been extensively characterized in various models of estrogen action and found to be inactive on classic estrogenic targets such as the uterus, mammary gland, and bone. However, it has potent anti-inflammatory effects and we previously reported that this compound causes lesion regression in an experimentally induced model of endometriosis using human tissue and therefore may have utility in treating this disease. 35 Hence, following establishment of xenograft lesions for 11 to 14 days, nude mice were treated with ERB-041 for up to 17 days. This treatment was associated with complete lesion regression in the majority of mice; however, the effectiveness of ERB-041 in this study appeared to be dependent upon tissue localization. Specifically, although intraperitoneal lesions were frequently found within the control treatment group, intraperitoneal lesions were never found following ERB-041 treatment. In contrast, subcutaneous lesions were present in half of the mice receiving this agent. Although the reasons for such differential treatment effects based on lesion location were not fully explored, additional studies by our collaborators suggested that ERB-041 may be inducing an increase in normal immune surveillance within the peritoneal cavity. 34 
Selective ER modulators
While nonhormonal approaches are needed, hormonal therapies are often effective and will still represent important therapeutic tools in the treatment of endometriosis. The SERMs have actions that are tissue-selective, often acting as predominantly ER agonists in the skeleton, on serum lipid metabolism, and on a number of coagulation factors, but as ER antagonists in the breast and uterus. 36 For example, raloxifene, a SERM currently used to prevent osteoporosis in postmenopausal women, does not induce endometrial proliferation in ovariectomized rats. 37 However, a clinical trial evaluated treatment with raloxifene in women with chronic pelvic pain due to endometriosis. Patients with biopsy-proven endometriosis were randomly allocated to 6 months of daily treatment with raloxifene (180 mg) or placebo. This study was terminated when the raloxifene group experienced greater pain and had a second surgery significantly sooner than the placebo group. 38 Another SERM, bazedoxifene (BZA), is currently under evaluation for the treatment of osteoporosis and, in combination with conjugated estrogens (CE), for menopausal symptoms. The BZA molecule does not stimulate the endometrium in postmenopausal women 38 and also effectively antagonizes CE-induced uterine stimulation. 39 A comparison of the effect ofBZA, raloxifene, and lasofoxifene, alone or in combination with estradiol in the murine uterus, demonstrated that BZA has the greatest antagonistic and the least agonistic effect. 40 These data suggest that BZA may be superior to other SERMs in antagonizing the effect of 17bestradiol or other ER agonists on endometriosis as well.
Studies from our laboratory have now determined the efficacy of BZA in the mouse model of endometriosis. Treatment was not initiated until the establishment of lesions (8 weeks). The total number of identifiable lesions was not different between groups, consistent with the generation of a similar number of initial lesions. After 8 weeks of BZA or vehicle-control treatment, the BZA-treated animals consistently demonstrated decreased lesion size compared to vehicle-treated animals. Macroscopic analysis showed that there were no signs of active endometriotic implants in BZA-treated mice. Endometriotic lesions appeared smaller, blanched, and inactive in the BZA-treated group, while those in the control group typically appeared red and friable. Histology demonstrates diminished glands and a decrease in luminal cell height as a consequence of BZA treatment. Bazedoxifene is a promising therapy for endometriosis (2011, epub ahead of print).
Angiogenic Blockers
Studies described above suggest targeting steroid action may be beneficial to the treatment of endometriosis; however, the steroid responsiveness of endometriotic tissues can vary markedly between patients. 41, 42 Thus, examination of nonsteroidal agents which may act to impede lesion survival is also warranted. Angiogenesis is a critical mechanism that allows the establishment and growth of endometriotic lesions. For example, survival of endometriotic lesions requires the development of a vascular supply; therefore, inhibitors of angiogenesis would be expected to inhibit development of the disease. Blood vessels which are immature and have limited associations with pericyte cells can be most easily targeted by angiogenic inhibitors. Thus, in a collaborative study 43 with our laboratory, we demonstrated that pericyte-free vessels supplied the human endometrial lesions in the nude mouse model of experimental endometriosis. Moreover, this study also demonstrated that treatments with soluble vascular endothelial growth factor receptor 1, a vascular endothelial growth factor receptor antagonist, prevented the formation of ectopic human lesions in mice, suggesting that the use of angiogenic inhibitors may be a useful therapeutic strategy following surgical removal of ectopic disease. However, therapeutic regression of established lesions would be of far greater utility to most women with endometriosis and such a therapy would potentially decrease the need for surgical intervention. We recently demonstrated the therapeutic utility of such an agent, immunoconjugate (ICON), a novel compound which targets TF that is aberrantly expressed on endometriotic endothelium, promotes devascularization, and prompts regression of well-established disease in our experimental model. 25 The studies with ICON will be described in further detail later in this article.
Tissue Factor as a Target of Aberrant Angiogenesis
While angiogenesis occurs throughout fetal growth and development, in adults it is limited to the endometrium during the menstrual cycle, the ovary during formation of the corpus luteum, and in pathological states including wound healing, diabetic retinopathy, tumor growth, and endometriosis. 44, 45 Several factors are involved in physiologic and pathologic angiogenesis in the human endometrium. Vascular endothelial growth factor is the primary vasculogenic and angiogenic factors. 46, 47 However, other factors such as angiopoietins, fibroblast growth factors, platelet-derived growth factors, and interleukin 8 (IL-8) exert more complex effects and can either stimulate or inhibit the process of angiogenesis. [48] [49] [50] Interestingly, peritoneal fluid from women with endometriosis is highly angiogenic. [51] [52] [53] In addition to these classic angiogenic agents, TF, the key initiator of the hemostatic cascade, 54 mediates angiogenesis using a variety of distinct intracellular signaling pathways. 55 Tissue factor is aberrantly expressed in pathologically growing endothelium. 56, 57 The full-length TF molecule exists on the cell surface as a cryptic form that is inert, a procoagulant form that rapidly binds factor VIIa to initiate coagulation, and a signaling form that binds VIIa and cleaves protease-activated receptor 2 (PAR-2), to initiate biochemical pathways that promote inflammation, tumor progression, and angiogenesis. 58 Thus, detection of immunoreactive TF does not necessarily correspond to clotting activity. The angiogenic function of TF is now known to be mediated through a complex series of intracellularsignaling pathways 57, 59 and its absolute requirement has been demonstrated by the embryonic lethality observed in knockout mice. 60, 61 Thus, TF -/embryos die at embryonic day E10.5 and display disorganization of the yolk sac vasculature. [60] [61] [62] Initial experiments to target aberrantly expressed endothelial TF were conducted in a xenograft mouse model of human malignant melanoma utilizing an immunoconjugate molecule consisting of 2 noncoagulation-inducing mutated factor VIII (fVII) molecules and an immunoglobulin Fc domain. 63 The results demonstrated that the molecule, ICON, bound to TF both on tumor cells and in rapidly growing vascular tumor endothelial cells. 63 The Fc domain activates a natural killer (NK) cell cytolytic response against the TF-bearing cells and causes the C1q protein to initiate the complement pathway. 64, 65 Recent studies from our group have demonstrated that TF is overexpressed in eutopic and ectopic endometrium from women with endometriosis. 25 . Strong immunostaining for TF was observed in the endothelium of ectopic endometrial vessels derived from affected women, whereas no TF immunostaining was observed in the endothelium of control eutopic endometria. We posited that TF may be vital for the growth and survival of endometriotic lesions and could serve as a target for therapy. To this end, we studied the effects of ICON, and using the mouse model of endometriosis described above, we demonstrated that ICON destroyed pre-established endometriotic implants by vascular disruption without apparent toxicity, reduced fertility, or subsequent teratogenic effects. 25 Given these results, we conclude that ICON could serve as a novel, nontoxic, and effective treatment for women with endometriosis. Immunoconjugate is a novel nonhormonal potential therapy that may eliminate some of the side effects of hormonealtering therapy.
Targeting Stem Cells for the Treatment of Endometriosis
Stem cells are relatively undifferentiated cells that give rise to more fully differentiated functional adult cells, and also replicate themselves, allowing for continued cycles of cellular regeneration. Many tissues contain progenitor stem cells that give rise to a limited repertoire of cells found in the tissue in which the cells reside. As the endometrium is rapidly regenerated in each menstrual cycle or estrus cycle, it should not be surprising that progenitor stem cells have been identified in the uterus. 66 Recent studies have demonstrated that the endometrium contains endometrial/stem progenitor cells. 21 These cells repopulate the endometrium in each cycle and may explain the vast regenerative capacity of this tissue. However, the existence of a large number of progenitor stem cells in the endometrium may also be detrimental as endometrial stem cells shed through the fallopian tube and into the peritoneal cavity during menses. 21 Thus, a price of the impressive regenerative capacity of the endometrium is the potential for these stem cells to give rise to excess endometrial cells in the form of endometriosis or cancer. Indeed, based on the animal studies in primates and rodent models described above, it is clear that normal endometrial cell samples contain these progenitor cells and can give rise to endometriosis. 5, 21, [67] [68] [69] [70] It remains to be determined whether women with endometriosis have simply an increased flux of endometrial progenitor stem cells to the peritoneal cavity or, alternatively, have an increase in stem cell survival and/or proliferative capacity. Additionally, they may have a peritoneal environment that fosters their growth along with genetic, immunologic, and environmental factors that contribute to progenitor stem cell survival and propagation. A better understanding of these factors will likely lead to the potential for novel treatment of endometriosis.
In addition to the progenitor cells within the uterus, we have shown that stem cells from other organs can also contribute to the regeneration or repair of the uterus. These multipotent stem cells can differentiate into multiple cell types, including those from organs distinct from those in which they reside. Bone marrow is a well-characterized source of multipotent mesenchymal stem cells. 66 We have previously demonstrated that bone marrow-derived mesenchymal stem cells can give rise to endometrial cells. 71 To investigate the possibility that cells of extrauterine origin could repopulate the endometrium, we examined Human Leukocyte Antigen (HLA)mismatched bone marrow transplant recipients for donor HLA expression in endometrial cells. 72 Each recipient had a bone marrow donor with an HLA type that enabled the determination of the origin of any cell. An HLA type was determined by immunohistochemistry, and donor-derived cells were distinguished from CD45 þ leukocytes in the endometrium. 72 Donorderived endometrial cells were detected in endometrial biopsy samples from all bone marrow recipients and none of the controls. These findings demonstrate that endometrial cells can originate from donor-derived bone marrow cells and suggest that nonuterine stem cells contribute to the regeneration of endometrial tissue. 72 The ability of bone marrow-derived cells to repopulate the endometrium was confirmed in an animal model. After male to female bone marrow transplantation, male donor-derived bone marrow cells were found in the uterine endometrium of female mice. 73 Although uncommon, these cells can differentiate into stromal and epithelial cells. The examination of a sexually dimorphic organ, such as the uterus, demonstrates the ability of male bone marrow, which cannot harbor circulating endometrial cells, to generate endometrium de novo and proves their mesenchymal stem cell origin. Finding Y chromosome-bearing endometrial cells demonstrates the potential to recapitulate embryonic developmental pathways that were never activated in males; bone marrow-derived stem cells (BMDCs) may have vast regenerative capacity.
In addition to the regenerating normal endometrium, we have shown that mesenchymal stem cells can also give rise to endometriosis using an autologous murine model. After generation of experimental endometriosis by ectopic endometrial implantation in the peritoneal cavity, bone marrow from LacZ transgenic mice was used for stem cell transplantation. These LacZ-expressing cells were found in the wild-type ectopic endometrium implanted in the peritoneal cavity of hysterectomized LacZ transgenic mice. 71 The ability of stem cells to engraft endometriosis has implications for the origin and progression of this disease. It also establishes a novel theory for the origin of endometriosis. In addition to the classic theories, stem cells are a novel source of endometriosis. This mechanism may explain endometriosis in areas remote from the peritoneal cavity or in men given estrogens. Ectopic differentiation of stem cells is a novel mechanism of disease.
Current research in our group centers on elucidating the factors that enable these cells to engraft an ectopic site and drive them toward endometrial differentiation. Preliminary data are providing several pathways to target in order to prevent stem cell flux and the initiation and progression of endometriosis. For example, tobacco use inhibits stem cell flux to endometrium and endometriosis. 74 While we would not advocate tobacco use in the treatment of endometriosis, it may explain the lower incidence of this disease in smokers. Individual components of tobacco smoke may prove useful in the treatment of this disease. Of therapeutic interest, the molecular targeting of deregulated signaling pathways by these cells and their local microenvironment, blocking key self-renewal pathways and prosurvival-signaling pathways, preventing cell recruitment, flux and adhesion through interference with chemokines, and adhesion molecules that regulate these processes, as well as inhibiting abnormally activated pathways within the cells or surrounding niche cells, represent new potential strategies for the development of more effective clinical treatments. 75 
Statins in Treatment of Endometriosis
There is growing evidence supporting the concept that statins may provide a novel and effective treatment of endometriosis ameliorating a broad range of its aspects. Here, we outline the mechanisms of action of statins in relation to key pathophysiological features of endometriosis and present the findings of in vitro and in vivo studies evaluating the effects of statins on endometrial and endometriotic tissues and on animal models of endometriosis.
Statins are competitive inhibitors of 3-hydroxy-3methylglutaryl-coenzyme A reductase (HMG-CoAR; Figure 1 ), a rate-limiting step of the mevalonate pathway. This pathway consists of a series of reactions leading to the formation of a key product: farnesyl pyrophosphate (FPP), which in turn, may be converted into important molecules including cholesterol, dolichol, coenzyme Q (ubiquinone), and geranylgeranyl pyrophosphate (GGPP). 76 The FPP and GGPP molecules are, respectively, substrates for farnesylation and geranylgeranylation, a process collectively known as isoprenylation. Isoprenylation is essential for membrane attachment and the function of several families of proteins, especially Ras and Ras-related GTPbinding proteins, subunits of trimeric G proteins, and protein kinases. 77 Statin-induced inhibition of the mevalonate pathway has complex and profound effects on cell function including proliferation, apoptosis, cell morphology, motility, and gene expression. Statins also possess intrinsic antioxidant activity and antagonize oxidation by hydroxyl as well as peroxyl radicals. 78 This activity is relevant to endometriosis, which is characterized by inflammation and increased oxidative stress. 79 Effects of statins on adhesion of endometrial tissues to peritoneum may be related to inhibition of isoprenylation and consequent alteration of the cytoskeleton due to reduced activity of key small GTPases. 80, 81 Statins may reduce the expression of integrins and/or affect their activation. 82, 83 In cultures of endometrial stromal cells in a 3-dimensional (3-D) matrix, lovastatin alters cellular morphology and decreases cell adhesiveness to collagen fibers. 84 Our recent study has demonstrated that simvastatin profoundly alters endometrial stromal cell and cytoskeleton morphology, disrupting F-actin fibers. 85 Another likely target of action of statins pertains to their effects on invasiveness of endometriotic cells. Invasiveness may be affected by MMPs leading to local destruction of the ECM and consequent establishment of the disease. 16 Indeed, in women with endometriosis, the expression of several MMPs is increased, while the expression of the tissue inhibitor metalloproteinase 2 (TIMP-2) is reduced. 86, 87 In several biological systems, statins have been shown to inhibit MMPs and increase TIMP-1. [88] [89] [90] These effects are likely induced by the inhibition of isoprenylation. Recently, we have shown that simvastatin inhibits both basal and IL-1a-induced expression of MMP-3 in human endometrial stromal cells. 91 Thus, statins may inhibit excessive growth of endometrial cells by several mechanisms including inhibition of isoprenylation of proteins involved in the stimulation of proliferation (eg Ras), reduction of oxidative stress, and possibly, inhibition of dolichol synthesis.
As mentioned above, proliferation of endometrial stroma is stimulated by moderate oxidative stress and inhibited by antioxidants. 92 In this context, direct antioxidant activity of statins may contribute to a decrease in cell proliferation. Finally, inhibition of HMG-CoA reductase by statins may reduce one of the downstream products of the mevalonate pathway, dolichol, which is required for maturation of type I insulin-like growth factor 1(IGF-1) receptors and hence may decrease the mitogenic effect of IGF-1 on endometrial stromal cells.
Several studies have demonstrated that statins reduce proliferation and induce apoptosis of endometrial stromal cells. A report by Piotrowski et al demonstrated that mevastatin and simvastatin exert a concentration-dependent inhibition of DNA synthesis in endometrial stromal cells in parallel with the reduction of the number of viable cells and inhibition of the Mitogen-Activated Protein Kinases/Extracellular Signal-Regulated Kinases (MAPK/ERK) 1/2 pathway. 93 These effects of statins were related to the inhibition of the mevalonate pathway but independent of the supply of cholesterol. Comparable effects were reported by Esfandiari et al 94 who showed that lovastatin induced a concentration-dependent inhibitory effect on cell growth in an in vitro model of endometriosis-like tissue. The above studies were carried out using cells derived from eutopic endometrium. More recently, these findings were also confirmed in the studies demonstrating inhibitory effects of simvastatin on proliferation of cells collected from endometriomas. 84 Another study performed on ectopic endometrial tissues has shown that atorvastatin increased the level of insulin-like growth factor-binding protein 1 (IGFBP-1) in cultures treated with lipopolysaccharide. 95 Since the growth of endometrial tissues is affected by IGFs, increased IGFBP-1 may contribute to the inhibition of cell proliferation.
We have shown that simvastatin induces apoptosis of endometrial stromal cells in a time-and concentration-dependent fashion, as determined by morphological changes, increased activity of executioner caspases, and DNA fragmentation. 85 All these effects were abrogated by GGPP, indicating that simvastatin induced apoptosis by inhibition of geranylgeranylation.
In vascular tissues, both in vitro and in vivo studies have demonstrated that atorvastatin decreases reactive oxygen species (ROS) production; the effects may be related to reduced expression of some of the components of nicotinamide adenine dinucleotide phosphate (NADPH) oxidase. 96 Comparative in vitro studies have indicated that simvastatin was particularly effective in quenching hydroxyl radicals and fluvastatin most effectively scavenged peroxyl radicals. 78 Immunomodulatory actions of statins have been demonstrated in clinical and animal studies; these actions may be beneficial in the treatment of autoimmune diseases. 97 Most evidence supports the concept that these effects are related to the inhibition of isoprenylation of proteins rather than lowering the cholesterol level. 98 The above properties of statins are likely to be relevant to the treatment of endometriosis; however, to date, we are not aware of studies addressing this important issue.
Naturally Occurring Products to Treat Endometriosis
Importantly, in addition to the agents described above, mouse models of human endometriosis have also been used to examine a number of naturally occurring compounds for potential therapeutic benefits. Within our group, we recently described the treatment of nude mice with resveratrol, a compound with anti-inflammatory effects which occurs naturally in berries, nuts, and red wine. Ovariectomized nude mice were provided a slow-release estrogen capsule 24 hours prior to intraperitoneal injection of normal proliferative human endometrial tissues. Treatment with resveratrol (6 mg/mouse) was initiated 24 hours after tissue injection and continued for up to 20 days. We found that mice receiving resveratrol exhibited significantly fewer lesions, while lesions that were present were smaller and apoptotic. 33 Importantly, resveratrol did not appear to impact apoptotic activity within the uteri of treated mice. Although it is important to note that the doses used were pharmacologic and could not be obtained from normal consumption of resveratrol-containing foods, these data are promising and may suggest a potential role for resveratrol supplementation in the treatment of endometriosis in women.
Finally, perhaps as a consequence of both the disease and associated multiple pelvic surgeries, patients with endometriosis frequently exhibit severe adhesive disease. Thus, we recently developed a model in which we can examine the inflammation-associated development and therapeutic inhibition of adhesions in our experimental endometriosis model. Specifically, we demonstrated that a recent surgery promoted both the development of experimental endometriosis and endometriosis-related adhesions. Additionally, thiazolidinediones, a class of pharmacologic agents, which activate the peroxisome proliferator-activated receptor-g (PPAR-g) receptor family, have potent anti-angiogenic and anti-inflammatory effects, 99,100 and members of this family have been found to be effective in preventing experimental endometriosis (ie pioglitazone) as well as adhesive disease in rats (rosiglitazone). Therefore, we additionally examined whether pioglitazone treatment would also be beneficial in the prevention of surgical adhesions associated with endometriosis. Our experimental model results suggest that pioglitazone was highly effective in reducing the development of inflammation-associated postsurgical adhesions. 101 
Conclusions
Endometriosis is a disease that is still poorly understood. Through elucidation of the molecular and cellular regulation of endometrial growth and endometriosis, we have devised several novel investigational tools and therapies. It should be pointed out, however, that endometriosis is a complicated multifactorial syndrome which in fact may represent several diseases. Genetic and immunologic factors play a key role in its pathophysiology. 102 We describe here our recent work suggesting that ICON, statins, SERMs, and selective progesterone receptor modulators (SPRMs) may offer new alternatives in the treatment of this syndrome although further study is needed to explore how these agents will fare in cases where endometrial lesions are located in different areas of the body. Figure 2 shows these findings. Several of these therapies are currently undergoing testing in murine and nonhuman primate models. Some may evolve into effective new therapies necessary for the treatment of endometriosis. Figure 2 . Novel therapies targeting endometriosis. The inflammation caused by endometriosis is shown by red arrows, indicating stem cells, estrogens, and/or low progesterone response, and as yet, unknown causes; whereas the novel therapies are shown by blue arrows and their potential mechanism of action described. SERM indicates selective estrogen receptor modulator; SPRM, selective progesterone receptor modulator; P, progesterone; ICON, immunoconjugate molecule.
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